Introduction: Generally the level of the VA entrance into the transverse foramen is assumed to be C6. Therefore, surgeons tend to pay less attention to VA injury when inserting C7 pedicle screw. However, anomalies at C7 surely exist and are considered to be one of the major risk factors for VA injury during posterior instrumentation. The aim of this study was first to investigate the anatomy of the VA V2 segment in a larger sample, and second, to investigate the anatomical features of C7 with or without VA anomalies based on computed tomographic angiography (CTA) findings. CTA is considered to be the most reliable method for evaluating the relationship between the vascular anatomy and spinal bone, and for clarifying the anatomical features of C7 with or without VA entrance. Methods: 3D CT angiograms of 919 consecutive Japanese patients who underwent contrast-enhanced CT or CTA for reasons other than evaluation of VA disease from November 2011 to October 2012 in our institution, were reviewed. CT scans of the cervical spine were routinely reconstructed threedimensionally. All CT scans were performed on a multidetector CT (120 kV, 22-120 mA, 1-mm slice; Aquilion; Toshiba Co., Tokyo, Japan) equipped with a 64-slice multi-detector array. Patients were included if CT images were clear enough for 3D reconstruction, whatever their age, gender, or race. Patients having images with halation because of an artificial denture or some implant, and those who had malignant disease in the cervical spine, past cervical surgery, or bone anomalies accompanied with rheumatoid arthritis, long-term hemodialysis, or Klippel-Feil syndrome, were excluded. All examinations were reviewed by the first author (NW). The level of entrance into the transverse foramen was determined by following the course of the VA V1 segment on 3D CTA and axial CT images. The impact of age and gender on the prevalence of VA anomaly was statistically analyzed. Results: Level of Entrance. The baseline characteristics of this study are shown in Figure 3 . Ultimately, 919 Japanese subjects were eligible, with the mean age of 56.1±12.3 (mean±SD) years old (ranging from 14-91). There were 358 male subjects and 561 female subjects. For diagnosis, 214 subjects underwent cerebral vascular screening. From among 1,838 VA courses in 919 subjects, the VA entered the C6 transverse foramen in 95.6% of all specimens (1,757 out of 1,838 courses). An abnormal level of entrance was observed in 8.1% of all subjects (74 out of 919 subjects: 38 females and 36 males, Figure  4) , and 4.4% of all courses (81 out of 1,838 courses). The respective levels of entrance into the C4, C5, and C7 transverse foramens were 0.5% (n=10; 12.3% of all anomalies), 3.1% (n=57; 70.4% of all anomalies), or 0.8% (n=14; 17.3% of all anomalies) of all specimens (Table 1) . Forty-one (50.6%) anomalies were on the left side and 40 (49.6%) were on the right side. Sixty-seven subjects out of 919 (7.3%) had a unilateral anomaly and 7 (0.8%) had a bilateral anomaly. Age and sex did not influence the prevalence of anomalies according to the result of χ-square test (P=0.46; Figure 5 , P=0.53).
Anatomical Features of C7 With or Without VA Entrance. The area of the transverse foramen (A) and pedicle diameter (B) on axial CT images was measured in 14 cases with abnormal VA entrance at C7 ( Figure 1C ). Two different comparisons were made; that of a left-and-right comparison in one subject and a comparison between an abnormal subject and a sex-and age-adjusted normal control. In a later comparison, 28 subjects were used for the control group to better provide analysis reliability. The area of the transverse foramen in subjects with the C7 VA entry side was significantly larger than that of the contralateral side at the same level, as well as that of normal control subjects (Table 2) . In two subjects, there was no apparent difference between abnormal entry and the normal side, and the other 12 subjects showed uneven transverse foramen in axial CT image ( Figure 1A and B) . The pedicle diameter in cases with the C7 VA entry side was significantly narrower than that of the contralateral side of the same level, as well as that of normal control subjects (Table 2 ) Discussion: Anomalous entrance of the VA into the transverse foramen has been well described in this large population study. A total of 8.1% subjects showed abnormal entrance with anomaly at the C5 level being most frequent. The prevalence of anomaly at C7, which is frequently instrumented throughout the world, was about 1% (14 courses in 14 subjects). From the measurement results, those abnormal C7 cases showed both the existence of VA inside the transverse foramen and the narrower pedicle diameter. Surgeons should be cautious when C7 axial CT images show an uneven transverse foramen, and CT with contrast would be recommended for further investigation. Significance: The present results clarified the prevalence of anomalies of cervical vertebral artery from C2 to C6 and its influence on pedicle anatomy. The authors consider that the new information provided by this study's strong points may well make all cervical surgeries safer, and provide useful guidance to all spine surgeons.
